Raw materials form the basis of Europe's economy to ensure jobs and competitiveness, and they are essential for maintaining and improving quality of life. Although all raw materials are important, some of them are of more concern than others, thus the list of critical raw materials (CRMs) for the EU, and the underlying European Commission (EC) criticality assessment methodology, are key instruments in the context of the EU raw materials policy.
Raw materials form the basis of Europe's economy to ensure jobs and competitiveness, and they are essential for maintaining and improving our quality of life. Securing reliable, sustainable, and undistorted access of raw materials and their circular use in the economy is, therefore, of growing concern within the EU (EC, 2014 (EC, , 2011 Vidal-Legaz et al., 2016) and globally (Coulomb et al., 2015) . Recent years have seen a tremendous increase in the amount of materials extracted and used (Krausmann et al., 2009) together with a significant growth in the number of materials used in single products (product complexity) (Greenfield and Graedel, 2013) . Global economic growth coupled with technological change (e.g., low-carbon energy and transportation systems, modern defence and communication systems) will increase the demand for many raw materials in the future Pavel and Tzimas, 2016) .
"Criticality" combines a comparatively high economic importance with a comparatively high risk of supply disruption (Buijs et al., 2012) . In 2008 the U.S. National Research Council proposed a framework for evaluating material "criticality" based on a metal's supply risk and the impact of a supply restriction (NRC, 2008) . Since that time, a number of organizations worldwide have built upon that framework in various ways (BGS, 2012; DOD, 2013; EC, 2014; Graedel et al., 2015; IW Consult, 2011; Morley and Eatherley, 2008; NSTC, 2016; Skirrow et al., 2013) .
Even though all raw materials are important (EC, 2010 (EC, , 2012 (EC, , 2015 , some resources are obviously of more concern than others. The list of CRMs for the EU (EC, 2014 (EC, , 2011 and the underlying criticality methodology (Chapman et al., 2013; EC, 2010) are therefore key instruments in the context of the EU raw materials policy. Such a list is a precise commitment of the Raw Material Initiative (RMI) (COM, 2008; EC, 2008) and subsequent updates.
The EU criticality methodology was developed between April 2009 and June 2010 with the support of the European Commission's (EC) Ad-Hoc Working Group on Defining Critical Raw Materials (AHWG-CRM) within the RMI in close cooperation with EU Member States (MS) and stakeholders (EC, 2010) . The EC criticality methodology has already been used twice; to create a list of 14 CRMs for the EU in 2011 (EC, 2011) and an updated list of 20 CRMs in 2014 (EC, 2014) .
Given the intense and active dialogue with multiple stakeholders, the use of best available data reflecting the current situation and recent past (non-speculative and non-forward looking approach), and considering that fully transparent datasets and calculations were made available to a large group of experts, the EC criticality methodology is generally well accepted in the EU, as well as considered reliable and robust. After the two releases of the list and considering several policy documents that make explicit reference to CRMs (EC, 2015 (EC, , 2012 (EC, , 2008 , it can certainly be stated that the EC criticality methodology is a well consolidated and reliable tool, which represents a cornerstone of the raw materials policy in the EU.
In view of the next update of the CRMs list (every three years according to the RMI), the EC is considering to apply again the same methodology. This choice of continuity is synonymous with giving priority to comparability with the previous two exercises, which is in turn correlated to the need of effectively monitoring trends and maintaining the highest possible policy relevance.
Nevertheless, some targeted and incremental improvements of the existing EU criticality methodology are required, taking into account the most recent methodological developments in the international arena (BGS, 2015; Graedel et al., 2015; NSTC, 2016; Roelich et al., 2014) , evolving raw materials markets at international scale, and considering explicit requests from the European industry and changing policy priorities and needs, e.g., on trade (OECD, 2014) . A valuable support also came from recent projects funded by the EU under different schemes, which tackled specific aspects of criticality (e.g., CRM_InnoNet, 2015; ERECON, 2014; EURARE, 2017) and/or contributed to generate European data on flows and stocks of CRMs (BIO by Deloitte, 2015) .
As the EC in-house science service, the Directorate General (DG) Joint Research Centre (JRC) provided scientific advice to DG GROWTH in order to assess the current methodology and identify parameters that could be adjusted to better address the needs and expectations toward the methodology of capturing issues of raw materials criticality in the EU. This work was conducted in close consultation with the ad hoc working group on CRMs, who participated in regular discussions with DG GROWTH and other EC services and provided informed expert feedback. The analysis and subsequent revisions started from the assumption that the methodology used for the 2011 and 2014 CRMs lists proved to be reliable and robust and, therefore, the JRC mandate was focused on fine-tuning and/or targeted incremental methodological improvements.
The goal of this paper is to present key new or modified elements of the EU criticality methodology, to highlight their novelties and/or potential outcomes, and to discuss them in the context of criticality assessment methodologies available internationally. A comprehensive presentation of the revised EC methodology is not a goal of the present paper, but will be presented in a future EC publication or communication in view of the third revised list expected in 2017.
Materials and methods

Current EC criticality methodology
CRMs are both of high economic importance to the EU and vulnerable to supply disruption. Vulnerable to supply disruption means that their supply is associated with a high risk of not being adequate to meet EU industry demand. High economic importance means that the raw material is of fundamental importance to industry sectors that create added value and jobs, which could be lost in case of inadequate supply and if adequate substitutes cannot be found.
Bearing the above concepts in mind, criticality has two dimensions in the EC methodology: (1) Supply Risk (SR) and (2) Economic Importance (EI). A raw material is defined as being critical if both dimensions overcome a given threshold (EC, 2014) .
The SR indicator in the EU criticality assessment (EC, 2014 (EC, , 2011 ) is based on the concentration of primary supply from countries and their level of governance. Production of secondary raw materials (recycling) and substitution are considered as risk-reducing filters.
The supply risk is calculated with the following equation:
In this formula, SR stands for supply risk; HHI is the Herfindahl Hirschman Index (used as a proxy for country concentration); WGI is the scaled World Governance Index (used as a proxy for country governance); EOL RIR is the End-of-Life Recycling Input Rate; and SI is the Substitution Index (EC, 2014) .
The importance of a raw material to the economy of the Union is assessed by the indicator "Economic Importance (EI)". This indicator relates to the potential consequences in the event of an inadequate supply of the raw material. In previous criticality assessments (EC, 2014 (EC, , 2011 , EI was evaluated by accounting for the fraction of each material associated with industrial megasectors at EU level and their gross value added (GVA).
The economic importance is calculated with the following equation:
In the above formula A s is the share of demand of a raw material in a megasector and Qs is the megasector's Gross Value Added (EC, 2014) .
The EC criticality methodology considers both abiotic and biotic raw materials. The 2011 assessment considered 41 non-energy, nonagricultural raw materials (EC, 2011) , while the 2014 assessment considered 54 candidate materials (EC, 2014) .
As a precise policy mandate, in order to maximise comparability with the 2011 and 2014 CRMs lists, the current methodology is to be retained, except for specific aspects for which there were policy and/or stakeholder needs on the one hand to introduce alterations, or strong scientific reasons for refinement of the methodology on the other. These will be discussed in the next sections.
Policy needs for improvements
The EC criticality methodology, since the publication of the first list of CRMs in 2011, has responded to the needs of governments and industry to better monitor the raw materials situation and inform decision makers about how the security of supply of raw materials can be achieved through diversification of supply, i.e., from different geographical sources but also from primary sources, recycling and substitution and to prioritise needs and actions. For example, at the EU level the list serves as a supporting element in negotiating trade agreements and challenging trade distortion measures, and in programming the research and innovation funding for technological solutions for sustainable production of CRMs or their substitution under the Horizon 2020.
We note that criticality is a screening tool to highlight issues of concern which can subsequently be followed up with more detailed studies and assessments (NSTC, 2016) . Again, the results of criticality assessments should be considered a call for attention, not a source of "panic", or even trigger exaggerated or unbalanced countermeasures (e.g., systematic elimination of CRMs in given categories of products).
The above clarifications hold true even more in the EU policy context, where the EC criticality methodology has a very wide scope in regard to the large number of candidate critical raw materials included (presently around 80) and with its ambitious objective of capturing the economic importance of raw materials using an EU economy-wide approach.
In such a context, it is very unlikely that all aspects that could influence criticality can be included in a screening methodology, while keeping the calculation equations short, simple, and objective.
Also based on an intense discussion with stakeholders, priority was given to the following policy needs, where an improvement or update of the current methodology appeared to be highly desired.
Under the supply risk dimension, four policy needs were prioritized: (1) incorporate trade barriers and agreements, (2) adopt a more systematic supply chain approach, (3) take into account import dependency and a more accurate picture of the actual supply to the EU and (4) maintain a prominent role for recycling and improve the quality and representativeness of data for the EU.
Trade barriers are increasingly distorting international raw material markets (OECD, 2014) . Several cases such as China's export ban on Rare Earth Elements (REEs) showed that impact of trade barriers on the security of supply can be substantial at times. However, current criticality methodologies do not explicitly capture trade distortion risk and this is addressed in the revised EC methodology as described in later sections of this paper.
A systematic supply chain approach was considered important, because of possible shifting of criticality along the supply chain (e.g., a supply chain bottleneck present at the smelter stage instead of the mining stage). This issue was already identified in the previous EC study (EC, 2014) and highlighted as a priority by stakeholders, and it is also incorporated into other criticality assessments .
Moreover, the current EC methodology (Chapman et al., 2013 ) bases the supply risk calculation on the global suppliers mix only and a need was expressed during stakeholder discussions to use a more accurate picture of the actual suppliers to the EU, and introduce import dependency in the calculations.
Finally, in line with the EU Circular Economy action plan (EC, 2015), a clear mandate was given to the JRC to assess the prominent role of recycling as a risk reducing factor in the supply risk calculation and, moreover, identify data more representative of the EU recycling situation taking into account recently published material stocks and flows data (BIO by Deloitte, 2015) .
For the Economic Importance (EI) dimension, two policy needs were prioritized: (1) a more detailed and transparent allocation of raw materials uses to their corresponding NACE (Statistical Classification of Economic Activities in the European Community) sectors, and (2) use of a raw materials-specific substitution index in the calculation of EI to allow for a reduction in the potential consequences to the European economy due to inadequate raw materials supply.
The fact that the EC methodology is based on an economy-wide approach creates even higher methodological difficulties, as opposed to assessments where some selected technologies and the related raw materials are targeted. In fact, it is virtually impossible to measure the importance of all applications in which the vast majority of all possible raw materials are used. Moreover, the choice of measuring the EI downstream practically obliges to adopt substantial simplifications. Finally, some stakeholders specifically suggested to introduce substitution in the calculation of EI.
Proposed solutions to revise the EU methodology
The following elements summarise the framework and scope of the revision of the EC methodology for criticality assessment: • Intense and active dialogue with stakeholders from an early-stage in the revision;
• Non-forward looking approach in the assessment based on available data, i.e., criticality is seen as a "snapshot in time" of the current (or past) raw materials situation;
• Use of best quality data reflecting the average of data available for the last 5 years.
A particularly important aspect in the revision of the EC criticality methodology is a clear separation between backward-looking and forward-looking approaches. The revised EC criticality assessment methodology can be considered a snapshot of the current situation, based on the recent past. Potential further analyses of future-orientated options, or forecasts, are not integrated. The sharp distinction between backward-looking and forward-looking approaches can also be presented in terms of the separation between criticality and resilience , where resilience is focused on the future response of the systems in the context of inadequate supply of a given material, the consequences, and options to reduce these.
Results and discussion
Supply risk
Trade
Export restrictions on raw materials have become more frequent in recent years. They cause higher prices and volatile market conditions and can affect the security of supply.
Although there are many ways to restrict raw material exports, the main restrictive measures are export quotas, export taxes, and licensing requirements. The impact of export restrictions on raw materials is stronger if combined with high supplier country concentration. presented (OECD, 2014) . This consists of the different types of restrictions such as, e.g., export taxes, export quotas, export prohibitions, and license requirements. While some of these export restrictions have been in place for decades, Fig. 1 highlights that more than 50% of the restrictions that were active in 2012 were introduced only after 2009, and almost 25% were introduced in 2012. Only 12 out of the 72 countries for which the OECD reported export restriction measures did not introduce any measures between 2009 and 2012, while the other 60 countries introduced at least one restriction during this time. Fig. 2 presents the proportion of global supply subject to export restrictions for a selection of raw materials. This selection includes the 20 critical raw materials for the EU (OECD, 2014), and other materials essential to the EU economy. In this figure, production is considered to be subject to export restrictions if any of the main restrictive measures, i.e., export quotas, export taxes, or licensing requirements, were applied in the producing countries between 2009 and 2012.
One case that received a lot of media attention was the Chinese export restriction on rare earths, tungsten, and molybdenum, for which the EU, USA, and Japan brought a case to the World Trade Organization's (WTO) Dispute Settlement Body in 2012. Following the WTO's ruling, China dropped its export restrictions in January 2015.
Alongside the governance quality in the supplying countries, measured by the World Governance Index (WGI), the restrictions imposed worldwide on exports of certain raw materials (RMs) can increase the supply risk. On the other hand, concluding trade agreements with the supplying countries can result in more secure supply. However, previous criticality assessments (EC, 2014 (EC, , 2011 did not consider aspects of export restrictions and trade agreements in the evaluation of supply risk. To our knowledge, export restrictions have not yet been integrated into criticality studies published elsewhere (BGS, 2012; DOD, 2013; EC, 2014 EC, , 2011 Graedel et al., 2015; IW Consult, 2011; Morley and Eatherley, 2008; NSTC, 2016; Skirrow et al., 2013 ).
An assessment of the WGI and other country-level indicators suggested that, although WGI is the most robust indicator to capture the level of governance in a country in the context of the criticality assessment, such an index does not capture risks due to export restrictions or the mitigating effects on risk as a result of international trade agreements. Therefore, a specific adjustment for WGI was proposed as an additional trade-related variable. Modifications were tested for some selected raw materials and subsequently discussed with a representative group of experts and stakeholders (AHWG-CRMs) and then adopted.
In the revised methodology, three types of restrictions imposed, i.e., export taxes, physical quotas, and export prohibitions are considered if these are applied at least once in the reference period 2010-2015.
In respect to export taxes, there are three possible cases: 1) In case a country does not apply export taxes, there is no impact and, hence, no adjustment is needed as the risk is comparable to the EU internal market, for which a 20% reduction of the HHI WGI is applied.
In case a country applies an export tax, there is an increased supply risk which is either:
2) Mitigated by a bilateral agreement with the EU (if the raw material concerned is covered by the provision on export duty in the agreement) and the supply risk returns to the level as if no export duty was applied;
3) Not mitigated in absence of a trade agreement and the supply risk increases.
The case of export quotas remains a separate element of supply risk, with a specific approach for the calculation of the trade adjustment, as a Free Trade Agreement cannot guarantee their removal. Export prohibitions are considered an extreme case for quotas, i.e., quota is zero.
A worked example with preliminary calculations for tungsten is presented in Table 1 .
Supply chain approach
The 2014 criticality report (EC, 2014) addressed the comments of the ad-hoc working group of CRMs, which suggested 'examining not only the mining stage but also the smelting and/or refining stages of the supply of raw materials'. In the report, data are provided on the spatial distribution of bauxite mines and aluminium refineries, manganese (mine vs. refinery), nickel (mine vs. refinery), and zinc (mine vs. smelter). The report concluded that assessing the supply risk at different stages of the value chain, i.e., mining and refining, can lead to different results based on changes in the concentration of production.
Based on the above remarks, as a proposed solution, the JRC recommended to systematically adopt a supply chain approach by means of a bottleneck screening in order to assess the likelihood of more than one stage being critical (i.e., mining or refining). In other words, for the calculation of supply risk, the weakest point in the supply chain is considered, i.e., the stage with the highest supply concentration. A similar approach is also applied in other criticality studies .
Moreover, this approach also reinforced the conclusions on WGI in respect to alternative indexes, as WGI is applicable to different lifecycle stages (e.g., mining and refining), whereas other indicators (e.g., the Resource Governance Index (RGI) or Policy Potential Index (PPI) may focus only on a single life-cycle stage (e.g., mining) or a specific type of material (e.g., metals and metalloids).
Import dependency
In the previous criticality assessments (EC, 2014 (EC, , 2011 , the supply risk was calculated based solely on the mix of global supplier countries. However, this does not capture the fact that Europe may depend on a combination of supplier countries different from the global supply mix. In addition, the share of imports to the EU is not fully captured, whereas it is fundamental to make a distinction among RMs that are essentially imported and RMs that are essentially sourced domestically.
In the revised methodology, in order to calculate a more representative measure of the risk for the EU, the global suppliers mix is used in combination with the actual supply to the EU, i.e., the mix of domestic production plus import, which reflects the actual sourcing of the supply to the EU (EU-sourcing). An example for tungsten is presented in Fig. 3 .
However, considering data availability and quality for a wide range of materials covered in the EU criticality assessment, a final decision was taken to use both the global supply and actual EU sourcing in combination. In fact, although it is not a true measure of the risk specific to the EU, the risk calculated using global supply is more reliable in terms of data availability and quality (data are reported by various sources, e.g., BGS, 2014; USGS, 2015) . Moreover, the mix of global suppliers is sometimes more stable in time, whereas the exporters to the EU might change more rapidly and trade data are known to have significant data quality issues, as well as need to be derived using a combination of different data sources, not always fully compatible. For instance, the EU supply mix can be calculated from trade statistics (EUROSTAT, 2016a (EUROSTAT, , 2016b United Nations, 2014) and is available partly from other sources (BIO by Deloitte, 2015) . Yet, sometimes an exporter country is not the original source for the material shipped to EU28, but just an importer and re-exporter. Therefore, in the revised methodology a balanced approach between a more representative measure of the risk, but of lower quality (based on EU sourcing), and a more reliable measure, but less representative (based on global supply), is used in the evaluation of supply risk.
The driver to balance the two measures of the supply risk, i.e., the one based on global supply and the one based on the actual sourcing, is the Import Reliance (IR), which is the ratio of net import to apparent consumption.
In the revised methodology, when IR is 100%, i.e. import equals apparent consumption, the risk is the average of the two measures, i.e., 50% based on global supply and 50% based on actual EU sourcing. In the few cases where EU is independent from import, i.e. IR is 0%, the global supply mix is disregarded and the risk is entirely calculated based on the actual sourcing.
Recycling
Several reviews about methods to evaluate raw material supply risk are available (Achzet and Helbig, 2013; Ciacci et al., 2015; Dewulf et al., 2016; Erdmann and Graedel, 2011) . Beyond the EC criticality methodology, in three out of 15 studies available on criticality, recycling is used in the calculation of supply risk (Erdmann and Graedel, 2011; Graedel et al., 2015; NRC, 2008) , but with a less prominent role in comparison to the EC methodology (EC, 2014 (EC, , 2011 both in terms of visibility and impact on the results.
In the previous criticality assessments (EC, 2014 (EC, , 2011 , recycling is accounted for as 'the ratio of recycling from old scrap to European supply of raw material' and referred to as 'end of life recycling input rate (EOL-RIR)'.
EOL-RIR is used as a mitigation factor that can lower the risk of supply, which depends solely on primary supply (HHI and WGI). The G.A. Blengini et al. Resources Policy 53 (2017) 12-19 underlying rationale, already adopted in the previous EC criticality studies, is that the portion of the EU supply of raw materials that is generated via recycling of end-of-life products is assumed to be more secure than other sources of supply (e.g., primary supply from mining/ harvesting). Against this background, even though recycling is not riskless in terms of supply, for the purpose of the assessment it is considered that the recycling parameter EOL-RIR identifies a flow of supply with significantly lower risk, which can in turn be subtracted from the overall supply to the EU when calculating the risk.
In the revised methodology, the prominent role of recycling as a risk-reducing filter of supply risk remains unchanged. Efforts are focused on using European data readily available for 28 raw materials assessed in the Raw Material System Analysis (MSA) study commissioned by DG GROW (BIO by Deloitte, 2015) as well as data from the UNEP report 'Recycling Rates of Metals' UNEP, 2011) . Guidance on how to update and improve the quality of EOL-RIR is provided via the following options (to be considered in a cascading fashion):
I. Use the Raw Material System Analysis (MSA) data (BIO by Deloitte, 2015) when available. II. Use of data from UNEP's report 'recycling rate of metals' UNEP, 2011) , when data from the Raw Material System Analysis (MSA) are not available. III. Use of recycling rates from the previous EC criticality assessments (EC, 2014 (EC, , 2011 , or data available from other sources as sectorial reports and expert judgement when MSA and UNEP data are not available. Fig. 4 illustrates the system boundaries and flows for the calculation of the EOL-RIR when using MSA data. The first part of the figure represents the life cycle stages of a raw material in the rest of the world (ROW), while the life cycle stages of a raw material in Europe are represented by the brown boxes. The system boundary is represented in pink dashes. Flows used for the calculation of the EOL-RIR are represented in green (primary material), yellow (processed material), and purple (secondary material).
EOL-RIR is to be calculated by applying the following formula:
In summary, the revised approach for the calculation or supply risk incorporates new elements for trade, selecting the supply chain bottleneck (i.e., mine or refine production), import dependency and the actual supply mix to the EU (i.e., the actual supply to the EU which equals the mix of domestic production plus imports). In addition, substantial improvements for substitution and recycling as risk-reducing measures were undertaken resulting in the following equation for the calculation of supply risk (SR):
In this formula, SR stands for supply risk; HHI is the Herfindahl Hirschman Index (used as a proxy for country concentration); WGI is the scaled World Governance Index (used as a proxy for country governance); t equals the trade adjustment (of WGI); IR is the Import Reliance; EOL RIR is the End-of-Life Recycling Input Rate; and SI SR = Substitution Index related to supply risk.
Economic importance
The importance of a raw material to the economy of the Union is assessed by the indicator Economic Importance (EI). This indicator relates to the potential consequences in the event of an inadequate supply of the raw material.
In previous criticality assessments (EC, 2014 (EC, , 2011 , EI was evaluated by accounting for the fraction of each material associated with industrial megasectors at EU level and their gross value added (GVA). However, megasectors combine several 3-and 4-digit NACE sectors with each other and therefore represent GVA at a high level of aggregation. In order to link raw materials to the corresponding manufacturing sectors at higher levels of sectorial resolution, the JRC examined the classification of product groups, economic activities, and NACE sectors in which raw materials are generally used. The resulting revised approach allows for a more detailed allocation of raw material uses to the corresponding NACE sectors.
The allocation of uses could, e.g., be done using the PRODCOM product groups (EUROSTAT, 2016b) and the 5-/6-digit CPA classes corresponding to each type of use. In the cases in which the identification of a CPA category is not possible, the shares could be allocated directly to the corresponding 4-, 3-or 2-digit NACE sectors. G.A. Blengini et al. Resources Policy 53 (2017) 12-19 At NACE 2-digit level, statistical identification of uses turned out to be easier. Allocation of the identified end uses to the NACE 2-digit level sectors is facilitated by the Eurostat's statistical correspondence between CPA, NACE 3-/4-digit and NACE 2-digit.
In the previous criticality assessments (EC, 2014 (EC, , 2011 , substitution was only addressed as a filter to decrease the supply risk (SR). Expert judgment was used to determine the substitution/substitutability indexes. However, substitution can also alter the potential consequences of a supply shortage to the European economy and should therefore also be considered in the economic importance (EI) component.
Substitution of raw materials is addressed in the majority of criticality studies (e.g., Achzet et al., 2011; AEA Technology, 2010; BGS, 2015; Duclos et al., 2010; Graedel et al., 2015; Morley and Eatherley, 2008; Rosenau-Tornow et al., 2009; USDOE, 2011 USDOE, , 2010 , in a qualitative or semi-quantitative manner. Expert elicitation is indispensable for such qualitative estimations. A slightly more detailed approach is adopted in the Yale methodology Harper et al., 2015) .
In the revised EC methodology, substitution is considered to reduce the potential consequences in the case of a supply disturbance. Substitution is to be incorporated, therefore, into the economic importance (EI) dimension. Nevertheless, given that the availability of substitutes could also mitigate the risk of supply disruptions (SR), as it might decrease demand for a given raw material, it was recommended to also consider substitution in the estimation of SR. In summary, two different substitution factors are used, one in the EI and one in the SR.
Since the scope of the EC assessment focuses on the current situation, only proven substitutes that are readily-available today (snapshot in time) and that could subsequently alter the consequences of a disruption are considered. As a result, only substitution, and not substitutability or potential future substitution, is considered in the revised methodology.
A comprehensive presentation of the revised EC methodology in respect to the underlying calculation of the substitution indexes is not a goal of the present paper, but will be presented in a future EC publication or communication.
In summary, the two main alterations of the refined EI component include: (1) A more detailed and transparent allocation of RM uses to their corresponding NACE sectors, and (2) introduction of a dedicated substitution index SI EI deemed to be a reduction factor for the EI.
The revised approach to calculate EI and material substitution results in the following calculation procedure:
where: EI is economic importance; A s is the share of end use of a raw material in a NACE Rev. 2 2-digit level sector; Q s is the NACE Rev. 2 2-digit level sector's VA; SI EI is the substitution index (SI) of a RM (to be used in economic importance); and s denotes sector.
Conclusion
The EC criticality methodology is a well consolidated and reliable tool, which represents a cornerstone of the raw materials policy in the EU. However, due to changing policy priorities and needs, some targeted and incremental improvements were seen as necessary.
As the European Commission's in-house science service, its Directorate General Joint Research Centre provided scientific advice to DG GROWTH in order to assess the current methodology and identify aspects that could be modified to better address the needs and expectations of the list of CRMs. In view of the next update of the CRMs list foreseen in 2017, the JRC mandate was focused on a fitness check of the current methodology and the introduction of some methodological improvements. This choice of continuity is synonymous with giving priority to comparability with the previous two exercises, which is in turn correlated to the need of effectively monitor trends and maintain the highest possible policy relevance.
Original contributions in respect to specific elements of criticality assessment were proposed and tested by the JRC, which also highlighted the novelty and potential outcomes.
A comprehensive and detailed presentation of the revised EC methodology is not given in the present paper, as possible fine-tuning might still take place during implementation.
Under the supply risk dimension, the main novelties of the revised methodology, in response to the corresponding policy needs include: (1) incorporation of trade barriers and agreements, (2) adoption of a more systematic supply chain bottleneck approach, (3) inclusion of import dependency and a more accurate picture of the actual supply to the EU and (4) confirmation of the prominent role for recycling and a substantial improvement the quality and representativeness of data for the EU.
The two main novelties of the refined economic importance component include: (1) A more detailed and transparent allocation of RM uses to their corresponding NACE sectors, and (2) introduction of a dedicated substitution index.
Notes
The authors declare no competing financial interests.
